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The 3′-untranslated region (UTR) of mRNA is crucial for posttranscriptional regulation. In 
this issue, Vasudevan and Steitz (2007) report a new function for AGO2 and FXR1—two 
proteins that have been linked to the regulation of microRNAs and translation repression. 
AGO2 and FXR1 bind to the AU-rich element in the 3′-UTR of TNFα mRNA, unexpectedly 
activating its translation in a cell growth-dependent manner.The 3′-UTRs of eukaryotic mRNAs 
are as important for posttranscrip-
tional regulation of gene expression 
as promoters are for transcriptional 
control. At promoters, dozens of pro-
tein factors interface with the under-
lying chromatin structure to regulate 
transcription. The use of alternative 
promoters can further increase the 
coding and regulatory potential of a 
gene. Like the upstream promoter 
regions, the 3′-UTRs do not encode 
proteins. Thus, 3′-UTRs have been 
free to evolve into battlegrounds for a 
plethora of RNA-binding proteins and 
micro (mi)RNA ribonucleoproteins 
(miRNPs) that regulate translational 
activity of mRNAs and their cellu-
lar localization or turnover. 3′-UTRs 
often extend for kilobases but their 
length, and thus regulatory potential, 
can be radically modified by alterna-tive polyadenylation. Regrettably, our 
understanding of 3′-UTR-mediated 
regulation is lagging behind that of 
promoters. High-throughput array or 
immunoprecipitation methodologies 
that would establish protein or RNP 
occupancy at 3′-UTRs in vivo are not 
yet commonly used. In this issue, 
Vasudevan and Steitz (2007) reveal 
that there is still a lot to learn about 
the role of 3′-UTRs in the regulation 
of mRNA translation.
Vasudevan and Steitz (2007) exam-
ine the role of the 3′-UTR AU-rich ele-
ment (ARE) in translation of mRNA 
for tumor necrosis factor α (TNFα), 
a key cytokine in inflammation and 
tumorigenesis. AREs are present in 
many mRNAs that encode growth fac-
tors and oncogenes. These elements 
are known primarily for their ability to 
stimulate rapid mRNA decay, a proc-Cell 128, Mess mediated by ARE-binding proteins 
such as TTP, AUF-1, or BRF1. Never-
theless, some ARE-specific proteins, 
such as HuR or TIA-1, can also regu-
late mRNA translation (Barreau et al., 
2006). Vasudevan and Steitz (2007) 
identified Argonaute 2 (AGO2) and 
fragile-X- mental-retardation-related 
protein 1 (FXR1) among the proteins 
that crosslink in vivo to the TNFα ARE. 
Unexpectedly, both AGO2 and FXR1 
were present at the ARE only under 
conditions of translational activation 
brought about by serum starvation, 
or other treatments promoting cell-
cycle arrest. Furthermore, simultane-
ous recruitment of both proteins was 
essential for translational upregulation 
to occur. To date, AGO2 and FXR1 
have been generally thought to medi-
ate translational repression (Garber et 
al., 2006; Pillai et al., 2007; Tolia and Figure 1. Argonautes in Action
Argonaute (AGO) proteins play multiple roles in posttranscriptional regulation in animal cells. (Left) As part of miRNP complexes, AGOs repress 
gene expression by inducing either mRNA degradation (by RNAi and non-RNAi mechanisms) or translational arrest. (Right) Effects of AGO proteins 
can be modulated in response to specific cellular conditions as exemplified by HuR-mediated relief of repression (Bhattacharyya et al., 2006) or the 
stimulatory effect of AGO2/FXR1 on translation (Vasudevan and Steitz, 2007). It is likely that the stimulatory effect of miR-122 on RNA replication of 
hepatitis C virus (Jopling et al., 2005) also involves AGO proteins. CD, coding region.arch 23, 2007 ©2007 Elsevier Inc. 1027
Joshua-Tor, 2007). These new results 
show that under specific cellular con-
ditions, they can also act together as 
translation activators thereby adding a 
new angle to posttranscriptional regu-
lation at the 3′-UTR. These results 
also extend the analogy between 3′-
UTRs and gene promoters because 
transcription factors frequently act 
as either activators or repressors 
depending on the promoter context. 
Clearly, RNA-binding proteins can 
serve as versatile regulators too.
AGO2 and FXR1, like other mem-
bers of their protein families, have 
received much attention due to their 
role in miRNA regulation and connec-
tions with human disease. AGO pro-
teins are indispensable components 
of miRNPs and are intimately asso-
ciated with miRNAs. They are likely 
mediators of most, if not all, miRNA 
effects, including translational repres-
sion and mRNA destabilization (Pillai 
et al., 2007; Figure 1). To date, the 
only reported “positive” function of 
an miRNA is the stimulatory effect of 
miR-122 on replication of Hepatitis C 
Virus (HCV) RNA in liver cells (Jopling 
et al., 2005). However, it is not known 
whether AGO protein plays an active 
role in this process or, alternatively, 
whether the miR-122 RNP acts only 
as a chaperone to modify HCV RNA 
structure. Is the AGO2/FXR1 com-
plex at the TNFα ARE related to the 
complexes of AGO and FXR1 fam-
ily members identified previously by 
coimmunopreciptation (Garber et al., 
2006; Tolia and Joshua-Tor, 2007)? Is 
AGO2 present in the complex bound 
to a specific miRNA? Are AGO1, 
AGO3, and AGO4 also competent to 
upregulate translation of mRNAs, and 
if so, what are their partners? None of 
these questions can be answered at 
present, but it appears that the asso-
ciation studied by Vasudevan and 
Steitz (2007) differs from the mRNA-
destabilizing complex described by 
Jing et al. (2005), which involves miR-
16 RNP, TTP, and another AU-rich 
sequence in the TNFα 3′-UTR. With 
the versatility of AGO protein func-
tions on the rise, it will be important 
to investigate whether AGO proteins 1028 Cell 128, March 23, 2007 ©2007 Elscan perform biologically relevant 
tasks when free of miRNAs. This is 
not an unreasonable idea given that 
AGOs are implicated in many pro-
tein-protein interactions and have 
the potential to bind RNA independ-
ently of miRNA-mediated basepair-
ing (Tolia and Joshua-Tor, 2007). The 
availability of cell lines defective in 
miRNA formation and AGO mutants 
incapable of miRNA binding should 
help to approach this problem.
Within the FXR1 family, the fragile-
X-mental-retardation protein (FMRP) 
is the best characterized. As part of 
mRNP complexes, FMRP has been 
implicated in mRNA transport along 
neuronal processes and in regulation 
of local translation at dendritic spines, 
following synaptic stimulation. Like 
FXR1, FMRP exists as many splice 
variants. FMRP is also posttransla-
tionally modified, and this modifica-
tion was proposed to specify whether 
it acts as a translation repressor or 
activator (Garber et al., 2006). It will 
be interesting to determine the status 
of FXR1 in the stimulatory complex at 
the TNFα ARE and whether activity of 
FMRP present at postsynaptic sites is 
modulated by an interaction with AGO 
proteins. The miRNP components are 
present at synapses, consistent with 
miRNAs playing a role in the regulation 
of synaptic protein synthesis (Garber 
et al., 2006; Barbee et al., 2006).
Why do FXR1 and AGO2 proteins 
assemble at the TNFα ARE in serum-
starved but not serum-stimulated 
cells? Although many explanations 
are possible, one important fac-
tor, noted by Vasudevan and Steitz 
(2007), may be the repartitioning of 
the proteins, primarily FXR1, from 
a granular to cytosolic cellular pool. 
Such repartitioning is supported by 
the increased solubility of the pro-
teins and their relocation from cellu-
lar granules in starved cells. Although 
the identity of the FXR1/AGO2 gran-
ules is unclear at present, partitioning 
of RNA-binding factors and mRNAs 
between soluble active and granular 
inactive pools emerges as a common 
strategy to regulate translation. Ger-
minal or polar granules in germ cells, evier Inc.neuronal granules in neurons, and 
somatic P (or GW) bodies and stress 
granules all appear to be functionally 
overlapping structures. They harbor 
translationally silenced mRNAs that 
can be mobilized in response to cel-
lular cues or following translocation 
of granules to the periphery of the 
cell (Anderson and Kedersha, 2006; 
Bhattacharyya et al., 2006).
The work of Vasudevan and Steitz 
(2007), together with other recent 
advances, highlights the importance 
and complexity of posttranscrip-
tional steps in the regulation of gene 
expression. mRNAs should no longer 
be regarded as simple messengers 
carrying information from DNA to 
protein. They run adventurous lives 
of their own, moving from one cellu-
lar home to another, accompanied by 
batteries of protein and miRNP chap-
erones. An understanding of how all 
this is orchestrated will keep us busy 
for another decade or two.
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